All data underlying the findings in this study are freely available in the paper.

Introduction {#sec005}
============

At least 300,000 cases of sudden cardiac death (SCD) are reported every year in the United States accounting for more than half of all cardiovascular deaths\[[@pone.0121515.ref001]\]. Despite considerable efforts in the field of resuscitation, survival following sudden cardiac arrest remains low \[[@pone.0121515.ref002]\]; hence improved prevention continues to be a priority. The efficacy of the implantable cardioverter defibrillator (ICD) in reducing mortality related to SCD when used for primary prevention in subjects with severe left ventricular (LV) systolic dysfunction (Ejection Fraction, EF ≤35%) has been well established \[[@pone.0121515.ref003], [@pone.0121515.ref004]\]. However, several reports suggest under-utilization of the primary prevention ICD in real world practice. A recent analysis from the Oregon Sudden Unexpected Death Study (Oregon SUDS) showed that among subjects who were guideline-eligible and eventually experienced SCD in the community, only 13.1% were implanted before the SCD event \[[@pone.0121515.ref005]\]. Even in heart failure populations, registry-based \[[@pone.0121515.ref006]\] as well as hospital-based \[[@pone.0121515.ref007]\] data have shown utilization rates ranging from 30--40%.

Factors determining ICD implantation for primary prevention in real world practice are likely to be varied and complex. Previous studies have suggested that different factors may play a role, including age \[[@pone.0121515.ref008]\], sex \[[@pone.0121515.ref009]\], race \[[@pone.0121515.ref010]\], comorbid conditions, physician and hospital related factors \[[@pone.0121515.ref008]\]. However, patterns of ICD utilization and the influencing factors may differ based on different patient sub-groups as well as health care settings. Optimal utilization of this important prevention modality is likely to require a detailed understanding of these issues. While studies have looked at different individual factors, it is likely that consideration of all potentially relevant factors in a common context would also be helpful. We therefore performed a comprehensive assessment of factors influencing primary prevention ICD deployment in a contemporary setting, at a U.S. urban tertiary care center.

Methods {#sec006}
=======

Consecutive adult patients with severe LV dysfunction (LVEF ⩽ 35%) were identified from the echocardiography laboratory database at Cedars-Sinai Medical Center, Los Angeles between February and October 2013. Detailed demographic, clinical and health insurance data as well as information on whether an ICD had been implanted for primary prevention were obtained from the electronic medical records system for all patients. Eligibility for primary prevention ICD implantation was assessed based on current guidelines \[[@pone.0121515.ref011], [@pone.0121515.ref012]\]. Patients who had ICD implantation for secondary prevention, those with EF assessments within 40 days of an acute coronary syndrome, subjects with newly diagnosed heart failure (\< 3 months), those who lacked follow-up information and those with otherwise incomplete data were excluded from the study. Further, patients with prior heart transplantation, or mechanical circulatory support such as total artificial heart or left ventricular assist device were also excluded.

ICD implantations included single or dual chamber devices as well as cardiac resynchronization therapy with defibrillator (CRT-D). For the patients who were eligible but did not receive an ICD, we looked for documentation of physician discussion regarding primary prevention ICD as well as any evidence of patient refusal to undergo implantation. In order to determine factors associated with ICD implantation, primary prevention ICD recipients and non-recipients (those eligible but not implanted) were compared with respect to several clinical and demographic variables as well as health insurance status. Individuals with only Medicare/Medicaid/ Medi-Cal were classified as having 'public insurance'. Individuals \<65 years old with private health insurance (self or employer paid) and individuals ≥ 65 years old with supplemental private insurance in addition to Medicare/ Medicaid/ Medi-Cal were classified as having 'private insurance'. Subjects without any form of insurance coverage were classified as having no insurance. The Charlson Comorbidity Index (CCI) was calculated for each patient in order to compare burden of comorbidity \[[@pone.0121515.ref013]\] and was categorized into low (CCI score ≤3) and high (CCI score \> 3). For ICD recipients, parameters prior and closest to the ICD implantation were used.

Statistical analysis {#sec007}
--------------------

Statistical analysis was performed using SPSS 20 (IBM Corporation, NY). Continuous and categorical variables were expressed as mean ±SD and number (percentage) respectively. Variables between ICD recipients and non-recipients were compared using the ***χ*** ^***2***^ test or Fisher\'s exact test for categorical variables and independent samples ***t*** test for continuous variables. Multivariable logistic regression, incorporating all variables significant in univariate analysis, was used to identify factors independently associated with ICD implantation. A two-tailed P value of ≤0.05 was considered statistically significant. The study was approved by the Institutional Review Board of Cedars-Sinai Medical Center (IRB approval number: Pro00034077).

Results {#sec008}
=======

A total of 502 patients with LVEF ≤ 35% were identified over a 9-month period. Adequate information was available for 255 patients who were guideline-eligible for a primary prevention ICD. Out of these 255 patients, 110 (43.1%) had a primary prevention ICD implanted ([Fig. 1](#pone.0121515.g001){ref-type="fig"}.).

![Flow Chart Indicating the Process of Identifying ICD Recipients and Non-Recipients.](pone.0121515.g001){#pone.0121515.g001}

After excluding 35 ICD non-recipients who had improvement of EF with medical therapy, 110 ICD recipients and 110 ICD non-recipients were compared to identify differences. Among the 110 ICD recipients, 69 (62.7%) were implanted with single or dual chamber devices, while 41 (37.3%) had CRTD implantation. Among the ICD non-recipients, 63 patients (57.2%) had no documentation of physician discussion regarding ICD implantation. Out of those patients with ICD implantation advised, 24 patients (51.1%) refused to undergo the procedure. A clear reason for refusal was not available in most cases; two patients were willing to accept risk of SCD, two patients had insurance issues, and one patient was awaiting re-assessment of EF after cessation of chronic alcohol use.

The demographic characteristics of ICD recipients versus non-recipients are presented in [Table 1](#pone.0121515.t001){ref-type="table"}. Compared to ICD non-recipients, ICD recipients were younger (62.1±15.0 vs. 68.0±18.2; P = 0.01) with greater proportion of males (80% vs. 65.5%; P = 0.01). Recipients were less likely to be current alcohol users (5.5% vs. 8.2%; P = 0.05), smokers (5.5% vs. 13.6%; P = 0.03) or have a history of drug abuse (0.9% vs. 10%; P\<0.01). In addition, ICD recipients were more likely to have private (including combined public and supplemental private) health insurance (61.8% vs. 46.4%, P = 0.02) ([Fig. 2](#pone.0121515.g002){ref-type="fig"}.).There were no significant differences with respect to race between the two groups.

![Health Insurance Status of ICD Recipients versus Non-Recipients.](pone.0121515.g002){#pone.0121515.g002}
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###### Demographic Characteristics of ICD Recipients versus Non-Recipients.

![](pone.0121515.t001){#pone.0121515.t001g}

                                                     ICD recipients (N = 110)   ICD Non-recipients (N = 110)   P value
  -------------------------------------------------- -------------------------- ------------------------------ ---------
  **Age**                                            62.1±15.0                  68.0±18.2                      0.01
  **Age category**                                                                                             0.01
  **  Under 75**                                     84(76.4)                   65(59.1)                       
  **  75 and older**                                 26(23.6)                   45(40.9)                       
  **Male**                                           88(80)                     72(65.5)                       0.01
  **Obese** [^a^](#t001fn002){ref-type="table-fn"}   33(30.6)                   21(19.8)                       0.07
  **Race**                                                                                                     0.38
  **  Caucasian**                                    66(60)                     65(59.1)                       
  **  Black / AA**                                   30(27.3)                   25(22.7)                       
  **  Hispanic**                                     8(7.3)                     6(5.5)                         
  **  Others**                                       6(5.4)                     14(12.7)                       
  **Health insurance type**                                                                                    0.02
  **Only Public/ None**                              43(38.2)                   59(53.6)                       
  **Supplemental Private**                           68(61.8)                   51(46.4)                       
  **Current alcoholism**                             6(5.5)                     9(8.2)                         0.05
  **Current smoker**                                 6(5.5)                     15(13.6)                       0.03
  **Current drug abuse**                             1(0.9)                     11(10)                         \< 0.01

Results presented as mean ± SD for continuous variables and n (%) for categorical variables.

^a^Obesity defined as body mass index ≥30 kg/m^2^, data was available for 108 ICD recipients and 106 non-recipients.

[Table 2](#pone.0121515.t002){ref-type="table"} and [Table 3](#pone.0121515.t003){ref-type="table"} show the cardiac parameters and comorbidities respectively among the ICD recipients and non-recipients. ICD recipients were more likely to have coronary artery disease (56.4% vs. 41.8%; P = 0.03), and higher New York Heart Association (NYHA) functional class (class II---III 75.5% vs. 40.2%; P\<0.001). The prevalence of other co-morbidities including diabetes, hypertension, liver disease and chronic kidney disease were not significantly different between the two groups. However, the proportion of patients undergoing dialysis was significantly lower in the ICD recipients group (6.4% vs. 14.5%; p = 0.05). When categorized by the CCI, there was no significant difference between ICD recipients and non-recipients (low CCI 61.8% vs. 62.7%; P = 0.89).

10.1371/journal.pone.0121515.t002

###### Cardiac Parameters of ICD Recipients versus Non-Recipients.

![](pone.0121515.t002){#pone.0121515.t002g}

                                                               ICD recipients (N = 110)   ICD Non-recipients (N = 110)   P value
  ------------------------------------------------------------ -------------------------- ------------------------------ ---------
  **Left ventricular ejection fraction (EF)**                                                                            0.14
  **  EF 30--35%**                                             28(25.5)                   38(34.5)                       
  **  EF\<30%**                                                82(74.5)                   72(65.5)                       
  **QRS duration[^a^](#t002fn002){ref-type="table-fn"}**                                                                 0.38
  **  QRS\<120**                                               56(54.4)                   64(60.4)                       
  **  QRS≥120**                                                47(45.6)                   42(39.6)                       
  **Coronary artery disease**                                  62(56.4)                   46(41.8)                       0.03
  **Atrial fibrillation**                                      23(20.9)                   32(29.1)                       0.16
  **Coronary artery bypass grafting**                          20(18.2)                   16(14.5)                       0.47
  **Percutaneous coronary intervention**                       13(11.8)                   14(12.7)                       0.84
  **NYHA Class II/III**                                        74(75.5)                   41(40.2)                       \<0.001
  **Beta blocker**                                             80(72.7)                   77(70)                         0.65
  **Use of ACEI/ ARB[^b^](#t002fn003){ref-type="table-fn"}**   69(62.7)                   52(47.3)                       0.02

Results presented as mean ± SD for continuous variables and n (%) for categorical variables.

^a^Data on QRS duration were available for 103 ICD recipients and 106 ICD non-recipients.

^b^ACEI/ARB- Angiotensin converting enzyme inhibitor/Angiotensin receptor blocker.

10.1371/journal.pone.0121515.t003

###### Comorbidity Data of ICD Recipients versus Non-Recipients.

![](pone.0121515.t003){#pone.0121515.t003g}

                                                            ICD recipients (N = 110)   ICD Non-recipients (N = 110)   P value
  --------------------------------------------------------- -------------------------- ------------------------------ ---------
  **Peripheral vascular disease**                           11(10)                     17(15.5)                       0.22
  **Cerebrovascular disease**                               15(13.6)                   14(12.7)                       0.84
  **Chronic obstructive pulmonary disease**                 17(15.5)                   7(6.4)                         0.03
  **Diabetes mellitus**                                     43(39.1)                   45(40.9)                       0.78
  **Chronic kidney disease**                                39(35.5)                   34(30.9)                       0.47
  **Dialysis**                                              7(6.4)                     16(14.5)                       0.05
  **Solid Tumor/Leukemia**                                  15(13.6)                   12(10.9)                       0.54
  **Liver disease**                                         3(2.7)                     5(5.5)                         0.31
  **HIV infection[^a^](#t003fn001){ref-type="table-fn"}**   2(1.8)                     4(3.6)                         0.41
  **Charlson Comorbidity Index (CCI)**                                                                                0.89
  **  CCI ≤3**                                              68(61.8)                   69(62.7)                       
  **  CCI \>3**                                             42(38.2)                   41(37.3)                       

^a^HIV- Human immunodeficiency virus.

In multivariable analysis, parameters independently associated with ICD recipient status included age \<75 (OR 2.68, 95%CI 1.30--5.50; P = 0.01), male sex (OR 2.77, 95% CI 1.31--5.85; P = 0.01), private health insurance (OR 2.17, 95% CI 1.08--4.36; P = 0.03), and NYHA Class II/III (OR 5.91, 95% CI 2.91--12.01; P\<0.001) ([Table 4](#pone.0121515.t004){ref-type="table"}).

10.1371/journal.pone.0121515.t004

###### Factors Independently Associated with ICD Utilization.

![](pone.0121515.t004){#pone.0121515.t004g}

                                                                   Odds Ratio (95% C.I.)   P Value
  ---------------------------------------------------------------- ----------------------- ---------
  **Age \<75 vs≥75yrs**                                            2.68 (1.30--5.50)       0.01
  **Male vs. Female**                                              2.77(1.31--5.85)        0.01
  **Supplemental private vs. Public/No insurance**                 2.17(1.08--4.36)        0.03
  **Current alcoholism**                                           0.61(0.13--2.84)        0.53
  **Current drug abuse**                                           0.12(0.01--1.24)        0.08
  **Current smoker**                                               0.35(0.09--1.40)        0.14
  **Use of ACEI/ARB**                                              1.89(0.95--3.73)        0.07
  **Low CCI vs. High CCI[^a^](#t004fn002){ref-type="table-fn"}**   1.22(0.60--2.49)        0.57
  **Coronary artery disease**                                      1.86(0.93--3.74)        0.08
  **NYHA Class II/III vs. NYHA Class I**                           5.91(2.91--12.01)       \<0.001

95% CI = 95% confidence interval.

^a^CCI score was categorized as low (CCI score ≤3) and high (CCI score \>3); CCI-Charlson comorbidity index.

Discussion {#sec009}
==========

We performed a comprehensive evaluation of the factors influencing primary prevention ICD utilization in a real-world clinical setting by simultaneously considering a combination of clinical, demographic and health insurance factors. We identified significant differences between ICD recipients and non-recipients among patients who were guideline-eligible. In multivariable analysis, age\<75 years, male sex, NYHA symptom class and having private health insurance remained independently associated with ICD recipient status. The results of this study potentially reveal important determinants of ICD utilization in actual clinical practice and help identify areas for improvement in optimizing appropriate use of the ICD for primary prevention. While an implantation rate of 43% appears to be lower than expected, this may be partly influenced by referral bias, with sicker, more challenging patients being selectively referred for quaternary care.

We found that in \>50% of ICD non-recipients, there was no documentation of physician discussion about primary prevention ICD implantation. While it is difficult to draw firm conclusions, prior studies have reported that there may be lack of awareness of guidelines even among specialists \[[@pone.0121515.ref014]\]. Further, differences in individual physician perceptions may influence decision-making process \[[@pone.0121515.ref015], [@pone.0121515.ref016]\]. Targeted health care provider education regarding primary prevention guidelines may have a role in improving ICD utilization rates and needs further study.

The factors found to be associated with ICD utilization in our study are in agreement with previous work in this field. Age is uniformly seen to be an important factor, with older candidates less likely to undergo implantation \[[@pone.0121515.ref005], [@pone.0121515.ref008]\], which may reflect physician judgment as well as potentially greater likelihood of refusal among older individuals. Consistent with earlier reports, we also observed that men were more likely to undergo implantation \[[@pone.0121515.ref010], [@pone.0121515.ref017]\]. It has been suggested that sex differences in implantation rates are not due to relative over-utilization of the ICD in men, but rather reflects true under-utilization in women \[[@pone.0121515.ref018]\]. We did not find a significant difference in the comorbidity burden between ICD recipients and non-recipients in our study, although previous studies show that patients with greater comorbidity are less likely to get an ICD \[[@pone.0121515.ref008], [@pone.0121515.ref019]\]. Most ICD trials excluded subjects with significant comorbidity and specific studies evaluating the benefit of the primary prevention ICD in such populations are urgently needed.

Our finding that patients with private health insurance were more likely to get an ICD needs careful consideration to understand its potential implications. We did not find evidence to suggest that any patient had been denied ICD implantation based on insurance status and such an interpretation may be somewhat simplistic and potentially erroneous. Nevertheless, other studies have also found a link between insurance status and implantation rates \[[@pone.0121515.ref020]\]. It is likely that the health insurance status is a broader reflector of socio-economic status, which could influence healthcare access and utilization in diverse ways. For instance, type of health insurance was found to correlate with type of employment as well as overall income and assets and predicted decline in physical function over time \[[@pone.0121515.ref021]\]. ICD therapy is not only expensive, but also requires sustained efforts on the part of the patient and family to seek ongoing care over an extended period of time, which can be challenging for the economically underprivileged \[[@pone.0121515.ref022]\].

Other studies have reported that the primary prevention ICD may be potentially under used \[[@pone.0121515.ref005]--[@pone.0121515.ref007]\]. However, data from the National Cardiovascular Data Registry (NCDR) ICD registry indicate that 22.5% of the patients had non-evidence based implants \[[@pone.0121515.ref023]\], suggesting possible over implantation. While this may seem paradoxical, these two issues are likely to represent two different facets of the problem, i.e., on the one hand a proportion of eligible candidates do not get the device and on the other, some are being implanted inappropriately. The key issue therefore is not whether more or fewer ICDs need to be implanted but in rather ensuring that ICDs are implanted in the candidates [*most likely to benefit*]{.ul}. What measures can we take towards this goal? Referral for primary prevention ICD should be guideline-directed, but also consistent with appropriate clinical care. When designing strategies to maximize such appropriate referral it may be important for institutions to incorporate demographic and clinical factors most pertinent to local practice. Assessment of existing implantation rates and identification of potential roadblocks through studies such as the present one is likely to be a helpful tool. Measures such as computerized decision support tools, automated referral to heart rhythm services if EF ≤ 35%, regular internal audits and other quality improvement processes contribute to improving appropriate implantation rates. In a single center study, Gupta et al. showed that a simple reminder note to providers in the electronic medical system improved both rates of discussion about ICD with the patient as well as actual referral for implantation \[[@pone.0121515.ref024]\]. Additionally, the efforts of initiatives such as the NCDR ICD database that collects metrics for primary prevention ICD implantations is likely to also contribute to improving ICD utilization \[[@pone.0121515.ref025]\]. Lastly, the low specificity of EF as a risk predictor, with resultant high number needed to treat \[[@pone.0121515.ref004], [@pone.0121515.ref026]\] suggests the need for ongoing research to identify better risk stratification approaches for primary prevention.

Limitations {#sec010}
===========

One of the strengths of the present analysis is that it was performed through detailed review of individual patient records, which is likely to be more accurate than use of International Classification of Diseases diagnostic codes \[[@pone.0121515.ref027]\]. However, we acknowledge some limitations. This was a single center study with some attendant bias. Though it would have been useful to have county-level or NCDR data for comparison, this was beyond the scope of the present study and could form the basis for future investigation. Clinical practice patterns may vary across hospitals and our results may not be generalizable to other settings \[[@pone.0121515.ref028]\]. As in any observational study, unmeasured confounders may influence results. However, in identifying some important factors associated with ICD utilization in contemporary practice, our study can serve as the first step for more in-depth research in this area. Finally, our study design did not allow for evaluation of follow-up information on outcomes including mortality in the ICD recipients and non-recipients.

Conclusions {#sec011}
===========

Age, sex and heart failure symptom class were associated with primary prevention ICD utilization in a real world clinical practice setting. In addition, socio-economic factors and insurance status may also play a role. This important area needs further investigation in diverse communities and settings with the goal of optimizing appropriate use of the primary prevention ICD in the community.
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